Introduction {#s0005}
============

Vernal keratoconjunctivitis (VKC) is a severe chronic inflammatory ocular disease that involves the anterior ocular surface in different grades of severity in both eyes, asymmetrically. It can affect the eyes as the severe end of the spectrum of allergy.[@b0005], [@b0010], [@b0015]

However, despite its pathogenesis traditionally been considered as a classical IgE- mediated disease, it is not totally allergy related and recent studies have revealed particular involvement of Th2 lymphocytes.[@b0020] VKC affects children between 3 and 16 years of age, though it may appear earlier and continue into adulthood. In most cases, symptoms resolve at puberty and the prevalence is more in males. It is typically characterized by the presence of giant "cobblestone" papillae in the upper palpebral conjunctiva (tarsal form) or at the limbus (bulbar form) with a corneal involvement ranging from superficial keratitis to plaque ulcers and late corneal vascularization and scars.[@b0025] Epidemiological studies do not consider it as a seasonal disease since frequently this persists throughout the year with increase intensity in warmer weather.[@b0030] In many parts of Africa, Latin America and Asia, VKC represents an important cause of hospital attendance, ranging from 3% to 6% of patients of all ages, rising to 33% and 90% in children and adolescents.[@b0035], [@b0040], [@b0045], [@b0050]

The treatment arsenal includes a variety of agents including anti-histamines, mast cell stabilizers, and non-steroidal anti-inflammatory drugs, mainly for the mild cases. For moderate to severe cases, the disease can be a sight threatening, due to the development of corneal ulcers and scars topical steroids have been the treatment of choice, however prolonged use of steroids may cause complications, such as glaucoma, cataract, and secondary infections.[@b0055], [@b0060], [@b0065], [@b0070] Topical cyclosporine A in last decade started to be an option of treatment to avoid all the steroid related complications and several studies have demonstrated efficacy and safety at 1% to 2% concentrations.

Tacrolimus is a calcineurin inhibitor that blocks T-lymphocyte activation and it has been used for the prophylaxis of organ rejection in transplanted patients. There is also topical Tacrolimus that is indicated as a second-line treatment of atopic dermatitis in non-immunologically compromised patients over two years old.[@b0075] The mechanism of action of Tacrolimus has not been fully elucidated yet. It is known that Tacrolimus binds to FKBP-12 (12-kDa FK506-binding protein) in T cells and inhibits calcineurin activity. Calcineurin inhibition suppresses dephosphorylation of the nuclear factor of activated T cells and its transfer into the nucleus, which suppresses the formation of TH1 (interleukin \[IL\]-2, interferon γ) and TH2 cytokines (IL-4, IL-5).[@b0080] Tacrolimus monohydrate ointment is used for dermatologic treatment of atopic dermatitis worldwide. The same topical Tacrolimus in doses that varies from 0.02% to 0.03% in medical literature has been prescribed "off label" and it has been shown as an effective treatment for a number of refractory inflammatory ocular surface diseases, including VKC.[@b0085] In the recent literature there has been a significant increase in the off label use of Tacrolimus for ophthalmic indications, however, there is no consensus for its optimum dose, posology and vehicle as well as the long-term effects of the treatment at these doses are not known.[@b0090] The purpose of this study was to review the efficacy and safety profile in children treated with topical 0.03% Tacrolimus ointment for vernal keratoconjunctivitis in Middle East and to propose a treatment posology.

Methods {#s0010}
=======

This prospective non-comparative study included 20 eyes of 10 patients with active symptomatic vernal keratoconjunctivitis was conducted in a single centre, in a pediatric department of a tertiary care hospital in Dubai and Abu Dhabi, between August 2016 to January 2017. The study was approved by the ethics committee of Moorfields Eye Hospital Dubai and the patients were recruited followed by a written informed consent. This study adhered to the tenets of the Declaration of Helsinki. All patients with active disease presenting with corneal involvement, and no improvements of the symptoms after at least 3 months under topical antihistamines, cyclosporine and steroid (Prednisolone Acetate 1%) drops were included in this study. The exclusion criteria included the patients with co-existing ocular diseases like corneal infections, chemical injuries, Steven Johnson syndrome, uveitis and patients under VKC remission.

Topical Tacrolimus 0.03% ointment was started twice a day for 8 weeks and then once a day for the next 2 months followed by thrice a week for 8 weeks. The changes in subjective symptoms and objective signs were evaluated after Tacrolimus started and also the development of possible complications was assessed in each follow up. The follow up was dependent on the severity of the disease but all the patients were assessed in 1 week, one month, 3 and 6 months of treatment. The disease severity was classified in a scale of grades created for this study according to [Table 1](#t0005){ref-type="table"}, in order to quantify the clinical signs and symptoms improvements.Table 1Scale of severity.GradeCornea signsConjunctiva signsSymptoms0ClearWhiteNone0.5Very mild punctate keratopathy (localized fluorescein staining)Mild bulbar redness and small tarsus papillaeMild itchiness1.0Mild punctate keratopathy affecting the whole corneaModerate bulbar redness and moderate bulbar pappilae and/or mild Trantas nodulesMild ichiness, burning sensation, no photophobia, normal UCVA1.5Moderate punctate keratopathyModerate bulbar redness and moderate bulbar pappilae and/or moderate Trantas nodulesNo photophobia, moderate itchiness2.0Severe punctate keratopathyGiant tarsal papillae and moderate bulbar redness, limbal involvement but not 360 degreesMild photophobia, moderate itchiness, normal UCVA2.5Severe punctate keratopathy with continuous epithelial defectsGiant tarsal papillae and severe bulbar redness with 360 degrees limbal involvementModerate photophobia, severe itchiness, fluctuation of UCVA3.0Shield ulcer with Severe punctate keratopathyCobblestone papillae with mucus, discharge and severe bulbar rednessSevere photophobia, severe itchiness, reduced UCVA

Results {#s0015}
=======

Before Tacrolimus 0.03% ointment introduction, all the patients were under Prednisolone acetate 1% drops which usually brought all of them a significant clinical response but when its posology started to be tapered, the remission of the disease did not last more than one week and the disease control was unsuccessful. Significant reduction in signs and symptoms of all patients were reported after 4 weeks of commencement of the treatment. Clinical resolution of giant papillae and corneal lesions were seen within eight weeks. No additional drug was required during that period, except tear substitutes to stabilize the tear film. Treatment was continued for period of six months and slowly reduced after 3 months. At the end of the follow up period, all patients remained asymptomatic but continued to apply topical Tacrolimus. [Fig. 1](#f0005){ref-type="fig"} shows the effect of 0.03% Tacrolimus ointment on the severity of signs and symptoms during 6 months follow up.Fig. 1Effect of topical 0.03%Tacrolimus ointment on the severity of refractory cases of vernal keratoconjunctivitis in children during 6 months follow up.

No additional medications, such as mast cell stabilizers, topical cyclosporine, or steroids, were required to provide additional relief. No local or systemic side effect was observed during the entire 6 months of treatment.

Discussion {#s0020}
==========

The use of topical Tacrolimus for VKC treatment has substantially changed the management of this disease, which was difficult to control without steroids before and was considered a sight threatening condition, either due to the severity of some cases or due to the side effects of the steroids. Many studies have shown the effectiveness and safety of Tacrolimus topical use for this indication.[@b0095], [@b0100] However, there is no consensus regarding the better posology, administration and concentration of the still "off label" indication. In the study by Ohashi et al with 0.1% twice daily dose, showed improvement in symptoms of both atopic keratoconjunctivitis and VKC.[@b0105] In another study by Miyazaki et al the effects of 0.02% Tacrolimus ointment for refractory ocular surface inflammatory diseases have been reported to presents the lower incidence of elevated intraocular pressure in steroid responders and there were no adverse side effects during 2--26 months of continuous treatment, same as in our case series, with the follow-up of 6 months.[@b0110]

In Middle East, due to almost a year round warm weather, including very high temperatures of above 40-Celsius degrees in summer time, VKC is more prevalent and we suspected that the environment could play a role in delaying the patient's response to Tacrolimus treatment. However, all the patients showed improvement at the same average time after initiation of Tacrolimus 0.03% treatment, as described in medical literature.[@b0115], [@b0120], [@b0125], [@b0130], [@b0135] Our case report series corroborate with literature regarding the time of action for the results to be achieved. All the patients achieved dramatic improvements in inflammatory signs and symptoms without significant adverse effects, except for the stinging sensation, that also is in accordance with the literature review. There was a significant improvement on the severity of the disease. The grade changed from 2.5 (pre- treatment) to 1.5 at the first three months of topical 0.03% Tacrolimus use and gradually improved to 1.0 after three/four months of treatment.

Patients completed 6 months of follow-up and none required additional medications, such as anti-histamines, steroids, or mast cell stabilizers, to control disease activity proving that Tacrolimus was very effective in the disease control ([Fig. 1](#f0005){ref-type="fig"}).

Studies have reported risk of T-cell lymphoma associated with the use of systemic and intravenous Tacrolimus in patients with immunocompromised status, however epidemiological evidence is not sufficient to know the topical calcineurin inhibitors can cause malignancy.[@b0140] In our study, no malignancy occurred during the 6 months of follow-up period and this is very unlikely to be a risk factor as Hui RL at el described a retrospective cohort study of over 950,000 patients with atopic dermatitis or eczema and found that Tacrolimus skin ointment was a safe and effective treatment for patients with refractory VKC.[@b0145]

In conclusion, a 0.03% Tacrolimus ointment is effective in controlling the clinical signs and symptoms of all levels of VKC in this study in Middle East, especially the severe cases and this should be considered as an alternative to steroids.
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